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Engine air supply control method which is intended, for 
example, for the control of a turbocharged engine 

The present invention relates to an engine air supply 
5 control method, intended for example for the control of 
a turbocharged engine and more particularly for an 
engine of this kind intended for a private automobile. 

Generally, the air supply in an engine is controlled by 

10 measuring the mass air flow through the engine. There 
are many methods of determining this mass flow. For 
example, there is a known way of measuring the speed 
and temperature of the air in a known section of the 
air supply system, for example at the throttle valve 

15 controlling the air flow into the engine. Such a 
measurement is carried out, for example, in racing 
vehicles and motorcycles. Another method of determining 
this flow consists in measuring the pressure in the 
intake manifold, the engine speed and the air 

20 temperature. This method is used in motor vehicles at 
the present time. For top-range vehicles, this flow is 
sometimes also measured by means of a wire which is 
heated and through which an electric current is passed, 
the resistance of the wire being measured by means of a 

25 Wheatstone bridge. All these measurement methods are 
known to those skilled in the art and are not detailed 
here . 

In a turbocharged engine, and particularly in such an 
30 engine fitted with an electric throttle valve, the 
importance of measuring the exhaust pressure for the 
determination of the loss of torque is apparent, more 
particularly in relatively low-capacity engines. This 
is because a request from the driver via the 
3 5 accelerator pedal can be interpreted as the request for 
a given torque. It is then desirable to determine the 
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torque of the engine, and therefore also the losses of 
torque within the engine due, for example, to friction 
and back pressure, in order to be able to respond to 
this request. The exhaust pressure is then a factor to 
5 be taken into account for the determination of the 
losses of torque within the engine. 

The object of the present invention is therefore to 
provide an engine air supply control method which 

10 enables the exhaust pressure to be taken into account 
to make it possible, for example, to determine the loss 
of torque of the engine, preferably without increasing 
the production cost of the exhaust pressure control 
system by the addition of a pressure sensor. Another 

15 object of the invention can also be to control the 
engine air supply system on the basis of the exhaust 
pressure and temperature. 

For this purpose, it proposes an air supply control 
2 0 method for a turbocharged engine having an intake 
manifold downstream of the compressor of the 
turbocharger and an exhaust manifold upstream of the 
turbine of the turbocharger, in which the mass air flow 
supplied to the engine and/or the pressure in the 
25 intake manifold are determined, together with the 
temperature in the exhaust manifold. 

According to the present invention, the pressure in the 
exhaust manifold is determined as a function of the 
30 pressure in the intake manifold, the engine speed, and 
the temperatures in the cylinders and in the exhaust 
manifold, the pressure in the intake manifold being 
determined if necessary on the basis of the mass air 
flow and vice versa. 

35 
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For greater accuracy in the calculation of the exhaust 
pressure, a correction factor dependent on the ambient 
surrounding pressure is preferably provided. In this 
case, the pressure in the exhaust manifold P ex h is 
5 calculated, for example, by a formula of the type: 
Pexh = [A(T C )*MAP - B(N, AMP , T ex h ) 1 /C ( T exh ) , 

where A, B and C are predetermined functions, T c is the 
temperature in the cylinders, MAP is the pressure in 
the intake manifold, N is the engine speed, AMP is the 
10 ambient pressure and T ex h is the temperature of the 
burnt gases in the exhaust manifold. 

In such a method, when the air flow supplied to the 
engine is regulated by means of a throttle valve and 
15 when this throttle valve is near its closed position 
within predetermined limits during a specified time 
interval, then the ambient external pressure AMP can 
advantageously be calculated on the basis of the 
exhaust pressure as a function of the engine speed. 

20 

The present invention also proposes an air supply control 
method for a turbocharged engine having an intake 
manifold downstream of the compressor of the 
turbocharger and an exhaust manifold upstream of the 
25 turbine of the turbocharger, in which the mass air flow 
supplied to the engine and/or the pressure in the 
intake manifold are determined, together with the 
temperature in the exhaust manifold . 

30 According to the invention, the pressure in the exhaust 
manifold is measured by means of a sensor or the like, 
and the pressure in the intake manifold is determined 
on the basis of the exhaust pressure measured as a 
function of the engine speed, the temperatures in the 

35 cylinders and in the exhaust manifold, the mass air 
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flow being determined if necessary on the basis of the 
pressure in the intake manifold. 

In this method, a correction factor dependent on the 
5 ambient surrounding pressure is advantageously- 
provided. In this case, the pressure in the intake 
manifold MAP is calculated, for example, by a formula 
of the type: 

MAP = [F(N, T exh )*Pexh + G(N, AMP, T ex hH/[H(N, T c ) ] , 
10 where F, G and H are predetermined functions, T c is the 
temperature in the cylinders, P eX h is the pressure in 
the exhaust manifold, N is the engine speed, AMP is the 
ambient pressure and T exh is the temperature of the 
burnt gases in the exhaust manifold. 

15 

In a method according to the invention, the temperature 
in the exhaust manifold is advantageously determined on 
the basis of modeling. There are existing modeling 
methods of this kind, for example for the protection of 

2 0 the turbocharger against overheating. They make it 

possible to dispense with the use of a sensor which 
would be subject to severe conditions of use, since the 
temperature variations in the exhaust manifold are 
large and the temperatures are very high when the 
25 engine is running. 

Details and advantages of the present invention will be 
made clearer by the following description, provided 
with reference to the attached schematic drawing, in 

3 0 which: 

The single figure shows in a schematic way an air 
supply system for a turbocharged engine. 

A piston 2, which can move in a cylinder 4, is visible 
35 on the right-hand side of this single figure, 



5 



PCT/EP2 0 04/0 0923 7 
2 0 0 3 PO 8 3 7 1 WOMM J/ CBA 

downstream of the illustrated supply system. A valve 6 
controls the admission of air into the cylinder 4. 
Another valve 8 is provided for the discharge of the 
burnt gases from the cylinder 4 . The corresponding 
5 engine has, for example, a plurality of cylinders, and 
the supply system illustrated is common to all the 
cylinders or to some of them. 

This air supply system incorporates, from upstream to 
10 downstream, an air intake 10, a mass air flow meter 12, 
a turbocharger 14, a chamber known as an intercooler 
16, a throttle valve 18 which is positioned in a pipe 
into which passes the air supplied to the cylinders, 
and which enables the air flow cross section of this 
15 pipe to be adjusted, together with an intake manifold 
20. Each of the intake valves 6 is directly linked to 
the intake manifold 20. 

Downstream of the cylinders 4, the burnt gases, that is 
20 to say the exhaust gases, leaving through the exhaust 
valves 8 enter an exhaust manifold 22. This consists of 
a nozzle collecting the exhaust gases before 
discharging them, after treatment, to the atmosphere. 
In the present case of a turbocharged engine, the 
25 exhaust manifold 22 collects the burnt gases and 
directs them towards the turbine of the turbocharger 
14. Downstream of this, the exhaust gases flow into a 
catalytic converter and a silencer (not shown) before 
they are discharged. 

30 

The turbocharger 14 has two turbines interconnected by 
a shaft. A first turbine is positioned after the 
exhaust manifold 22 and is rotated by the burnt gases 
which leave the cylinders 4 through the exhaust valves 
35 8 and which are guided by the exhaust manifold 22. The 
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second turbine, called the compressor, is positioned, 
as mentioned above, in the engine air supply system, 
and pressurizes the air located in the intercooler 16. 
In a conventional way, a turbocharger discharge valve 
5 24 makes it possible to "short-circuit" the turbine 
located downstream of the exhaust manifold 22. 

This kind of structure is normal in turbocharged 
engines. The present invention relates to an engine 

10 equipped with an intake system of this type in which 
the position of the throttle valve 18 is controlled 
either mechanically or electrically. In the latter 
case, it is useful to regulate the angle of opening of 
the throttle valve 18 and the opening of the 

15 turbocharger discharge valve 24 simultaneously in order 
to control the air flow into the engine. It is then 
useful to control the engine in such a way that the 
driver's request, expressed by means of an accelerator 
pedal, is executed by the engine. The driver's request 

20 can be interpreted in terms of torque. In this case, a 
position of the accelerator pedal corresponds very 
approximately to a required torque. It is therefore 
useful to determine the parameters (opening of the 
throttle valve 18 and position of the turbocharger 

25 discharge valve 24) which enable the required torque to 
be obtained. The pressure in the exhaust manifold 22 
can be used in this case to determine the torque of the 
engine, since this pressure can give rise to non- 
negligible losses of torque. 

30 

The exhaust pressure can be determined by a sensor 
which measures this value. This then increases the 
production cost of the engine, since no provision has 
been made hitherto for placing such a sensor in an 
3 5 engine. 



7 



PCT/EP2 0 04/0 0923 7 
2003P083 71WOMMJ/CBA 

The idea on which the present invention was based is 
that of being able to dispense with this sensor and 
determine the exhaust pressure by using the parameters 
5 already measured in an engine. Thus the present 
invention enables this pressure to be determined solely 
by using the sensors normally available in a 
turbocharged engine. It also makes it possible, in an 
engine equipped with an exhaust pressure sensor, to 

10 dispense with any other sensor, such as a sensor for 
determining the pressure in the intake manifold 20 or 
the mass air flow. In the case where two sensors are 
present, one for determining the exhaust pressure and 
the other the intake pressure, the invention permits 

15 operation in "degraded" mode, for example if there is a 
failure of the pressure sensor in the intake manifold, 
without any loss of information by comparison with a 
normal operation of the engine. 

20 The originality of the invention consists in drawing a 
parallel between the areas upstream and downstream of 
the engine, in other words between the pressure in the 
intake manifold 2 0 and the exhaust pressure in the 
exhaust manifold 22. This parallel can be justified by 

25 explanations provided by calculation, as shown below. 

It is assumed, by way of approximation, that the 
pressure in a cylinder 4 is constant during the filling 
phase of this cylinder 4. This pressure is then equal 
30 to the pressure in the intake manifold 20. This 
pressure is referred to below as MAP. Similarly, it is 
assumed that the temperature of the air filling the 
cylinder is constant, at T c . It is also assumed that the 
intake valve 6 opens at the top dead center (TDC) of 
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the piston 2 and closes at its bottom dead center 
(BDC) . 

Immediately before the fresh air intake phase, the 
5 cylinder 4 contains a quantity of burnt gases, and the 
pressure of these gases is Pb. The mass Bgm of the 
burnt gases in the cylinder 4 immediately before the 
opening of the valve 6 can then be found by the 
expression: 
10 (a) Bgm = V TDC * Pb/R * T exh 

where V T dc is the volume of the cylinder when it is at 
the top dead center, 

Texh is the temperature of the burnt gases, and 
R is the perfect gas constant. 

15 

Similarly, the mass of gas Cgm contained in the 
cylinder 4 after the intake phase can be determined by 
the expression: 

(b) Cgm = V BD c * MAP/ R * T c , where V BDC is the volume of 
20 the cylinder when it is at the bottom dead center. 

In a cycle, the mass of gas Nam passing through a 
cylinder is therefore as follows: 

(c) Nam = Cgm - Bgm 

25 

The following equation is deduced from these three 
equations : 

(d) Nam = (V BDC * MAP/R * T c ) - (V TDC * Pb/R * T ex h) 

Now let MafCyl be the mass of air flowing into a 
30 cylinder 4 per unit of time. This mass MafCyl depends 
on the engine speed N and on Nam, and is written in the 
following form: 

(e) MafCyl = f (N) * g(T c ) * MAP - h(N) * k (AMP) * 1 (T ex h) 
f, g, h, k and 1 are functions which integrate the 

35 different variables of the preceding equations. 
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The variable AMP appears because the pressure Pb 
corresponding to the burnt gases is a value which is 
initially dependent on the intrinsic parameters of the 
5 engine and on the engine speed N, but also on the 
ambient external pressure. 

It is also possible to determine MafCyl in a different 
way, by considering the burnt gases flowing out through 
10 the exhaust. Thus, by applying the perfect gas law, as 
for equations (a) and (b) , we obtain: 

(f) MafCyl = ff(N) * 11 (T ex h) * Pexh 

where P ex h is the pressure in the exhaust manifold. 

15 Combining equations (e) and (f ) , we finally obtain: 

(g) MAP = tff(N) * 11 (Texh) * Pexh + h(N) * k (AMP) * 
KTexh)l/[f (N) * g(T c )] 

This formula therefore expresses a relation between the 
2 0 pressure in the intake manifold 2 0 and the pressure in 
the exhaust manifold 22. This relation makes use of the 
engine speed N, the exhaust temperature T ex h/ and the 
ambient pressure AMP. All these parameters are 
determined by a sensor or by modeling in a known way in 

2 5 a turbocharged engine according to the prior art. 

This formula (g) can thus be used to determine the 
pressure in the intake manifold 20, provided that an 
exhaust pressure sensor is available. This formula can 
30 also be inverted to find the exhaust pressure, using a 
sensor measuring the pressure in the intake manifold 
20 . 

Surprisingly, in spite of the assumptions and 

3 5 approximations that were made, tests conducted to 



10 



PCT/EP2 004/0092 3 7 
2003P0837 1WOMM J/ CBA 

demonstrate that the calculated values accurately 
matched the measured values yielded excellent results. 
The correlation between the calculated value and the 
measured value is substantially greater than 0.9 
according to the tests . 

These tests also demonstrated that: 

(h) f (N)=ff (N) 

A new function is then defined as follows: 

(i) hh(N) = h(N) /f (N) 

Equation (g) then becomes equivalent to: 

(j) MAP = [H(Texh) * Pexh + hh(N) * k (AMP) * 
KTexh)] /g(Tc) 

which is a simplified form of equation (g) . This 
equation, when inverted to give the exhaust pressure as 
a function of the pressure in the intake manifold 20, 
is expressed as follows: 

(k) Pexh = [g(T c ) * MAP - hh(N) * k (AMP) * 

KTexh)] /ll (Tech) 

In this case, no additional calibration is required for 
the determination of the exhaust pressure. The 
calibration is already carried out in the software, and 
can be re-used because of the reversibility of the 
model which is used. 

It should be noted that there is a difference between 
the exhaust pressure and the intake pressure. In a 
four-stroke engine, two revolutions of the crankshaft 
are required before the pressurized air MAP in the 
intake manifold 2 0 is again present in the 
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exhaust manifold 22 at the pressure P e xh- When the 
engine is running at constant speed, this difference 
clearly has no effect. In transient conditions, 
however, this difference must be taken into account, 
5 particularly when there are large variations in these 
pressures. Clearly, this difference becomes relevant 
when the value of MAP is calculated as a function of 
Pexh, but not when the pressure P eX h is calculated as a 
function of MAP. This is because, when the exhaust 
10 pressure is determined by calculation on the basis of 
the pressure in the intake manifold 20, it is simply 
necessary to take into account the time difference 
which is a function of the engine speed N. 

A first strategy for taking this difference into 
account, described here by way of example and without 
restrictive intent, consists in calculating an 
integrator of the value of MAP based, on the one hand, 
on the initial value of this pressure when the engine 
is stopped, and, on the other hand, on the difference 
between the air flow at the throttle valve 18 and in 
the cylinder 4. At constant speed, which can be 
determined for example by observing the gradient of 
variation of the angular position of the throttle valve 
18, the value of the pressure MAP in the intake 
manifold 20 is determined as a function of the exhaust 
pressure . 

Another strategy consists in initially calculating the 
3 0 pressure MAP as a function of the exhaust pressure P eX h • 
This calculated value of the pressure MAP is then 
reinjected into the air flow control system, and a 
variation is then found in transient conditions. To 
take the difference into account, the slope 
35 corresponding to this variation is increased. 



20 



12 



PCT/EP2 004/009 237 
2003P0837 1WOMMJ/ CBA 

The proposed method for calculating P eX h or MAP can also 
be used to determine the ambient pressure. This is 
because, as may be noted, when the throttle valve 18 
remains closed for a predetermined time interval, in 
other words when its opening is less than a 
predetermined value during this time interval, it is 
observed that : 
(1) Pexh " AMP = <p(N) 

where cp is a function which can be determined for each 
engine. 

The above description thus shows that it is possible to 
envisage the determination of the air flow into the 
cylinders, and also the ambient pressure, in a 
turbocharged engine, on the basis of a knowledge of the 
exhaust pressure. It is thus possible to envisage the 
replacement, in an engine, of a sensor for determining 
the air supply pressure of the cylinders by means of a 
pressure sensor in the exhaust manifold. It is thus 
possible to provide two sensors. In this case, the 
second sensor is intended, for example, to monitor the 
first, or even to replace it in degraded mode. In the 
latter case, performance in the degraded mode will then 
be equal to that in the normal operating mode. 

Furthermore, because of the reversibility of the 
described model, the exhaust pressure can be modeled 
without any additional calibration. 

The present invention is not limited to the embodiment 
described above in the form of a non-restrictive 
example. It also relates to all other variant 
embodiments which may be produced by those skilled in 
the art within the context of the following claims. 



